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INTRODUCTION
Permethrin is an insecticide/repellent being considered by the military for impregnating the military Battle Dress Uniform (BDU) and for packaging Meal-Readyto-Eat (MRE). These proposed uses would subject many soldiers to long-term exposure to minute quantities of Permethrin. Recently, it has been suggested that Permethrin may be a mutagen since a borderline positive response in a mouse bone marrow assay has been reported (1).
This study evaiuated ,atagenic potential of Permethrin in the Drosophila melanogaster Sex-Linked Recessive Lethal (SLRL) Assay.
Rationale for SLRL Testing
A variety of tests using Drosophila melanogaster are available for the detection of specific types of genetic changes. The most sensitive assay that detects the broadest range of mutations is the SLRL test (2) (3) (4) . This test has also been called the Basc or Muller-5 test (5, 6) .
This test uses insects of a known genotype and detects lethal mutagenic changes in 800 to 1000 loci on the X-chromosome, representing 80% of the X-chromosome or 20% of the entire genome (5, 7) . The SLRL test is used frequently to assess the mutagenic response of Drosophila melanogastez-to test substances (2,4,7).
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Genetic Basis of the SLRL Test
The basic mechanism of the SLRL test is that the Xchromosome of the father is passed on to the daughter; the sons receive their X-chromosome from the mother. Therefore, the recessive lethal mutations located on the X-chromosomes are expressed in males in a hemizygous condition, i.e. the Y-chromosome does not contain the dominant, wild-type alleles to suppress the manifestation of recessive lethal mutations.
Consequently, among the progeny of a female carrying a recessive lethal mutation on one of her Xchromosomes (heterozygous for a recessive lethal mutation), half of the male progeny die. By using suitable genetic markers, the class of males carrying the mutated X-chromosomes of treated grandfathers can be determined easily. If a lethal mutation were induced, this class would be missing and its absence easily scored. The assay system must use strains in which crossing-over in females is prevented since transfer of the lethal mutation from the paternal to the maternal Xchromosome by genetic recombination would suppress its expression. The crossing-over would lead to erroneous study results because males receiving that X-chromosome would survive. Since combinations of suitable inversions effectively inhibit crossing-over, females used for the SLRL test carry two scute inversions: the left-hand part of scSl and the right-hand part of sc8 covering the whole X-chromosome and a smaller inversion In-S in the Basc chromosome (5).
Descripidon of Test
The SLRL test (8) was developed in 1948 for determining genetic changes that kill the developing individual (egg to pre-adult stage) in the hemizygous, but not homozygous or heterozygous, conditions. Such genetic changes, i.e. recessive lethal mutations, can be induced on all chromosomes. Only two test generations are needed to detect whether sex-linked recessive lethal mutations have been induced on the X-chromosome.
In the test, males with normal round red eyes (Canton-S (CS)) whose chromosomes contain wild-type alleles are exposed to Permethrin. Such an exposure will produce a recessive lethal mutation if the Xchromosome is affected. These males are mated to homozygous Basc females. The Basc phenotype is characterized by bar (narrow-shaped) eyes which are apricot in color. The bar eyes serve as a genetic marker for the homozygous and hemizygous genotypes since in the heterozygous expression the eyes are kidneyshaped. The progeny of this cross (CS males X Basc females) consists of females heterozygous for the treated X-chromosome, characterized by kidney-shaped red eyes, and males of the Basc phenotype that have received their X-chromosome from their Basc mother. Each F1 female possesses one paternal X-chromosome which was exposed to the test compound in the male gamete. Fl siblings are allowed to mate; they produce the F2 generation. The F2 generation will consist of males of two phenotypic expressions and females of two phenotypic expressions. The male phenotypes have round red eyes (hemizygous carrying the treated X-chromosome from the Fl female) or bar-shaped apricot eyes (hemizygous for the Basc chromosome).
The female phenotypes carry the chromosomes for red eyes (heterozygous, carrying the treated X-chromosomes from the Fl female and the Basc chromosome) or chromosomes for bar-shaped apricot eyes (homozygous for the Basc chromosome).
The F2 generation is then inspected for the presence of males with round eyes.
If this class is missing, it can be concluded that the treated male gamete contained a recessive lethal mutation. Thus, this test relies upon the disappearance of a whole Mendelian class (males with round red eyes).
A brooding technique was used to sample sperm cells exposed to the test chemical during different stages of spermatogenesis because chemicals often exhibit stage specific mutagenicity. Brooding was accomplished by transferring the treated males to vials containing fresh virgin females at intervals of 1, 4, 6, and 8 days after completion of the dosing period. This technique assures that the four broods of females are inseminated with sperm exposed to the test chemical during successive stages of germ cell development:
Brood 1 = mature sperm (Days 1-3); Brood 2 = primarily spermatids (Days 4-5); Brood 3 -primarily meiotic stages (Days 6-7); and Brood 4 = primarily spermatogonia (Days 8-10).
This procedure safeguards against the possibility that chemicals with more pronounced effects in earlier stages of spermatogenesis are not dismissed erroneously as false negatives.
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Objective of Study
The objective of this study was to evaluate the nutagenic potential of Permethrin in the Drosophila melanogaster Sex-Linked Recessive Lethal assay.
MATERIALS AND METHODS
Test Substance
Chemical Name: Permethrin LAIR Code No. TP031
Molecular formula:
Other test substance information is presented in Appendix A.
Vehicle
A suitable vehicle was found by testing the solubility, stability, and toxicity of a number of compounds. A mixture of 0.4% Tween 80, 0.2% ethanol, and 1.0% fructose in water was found to be an appropriate vehicle for the Permethrin as it had no appreciable effect on the test insects. Use of dimethyl sulfoxide (DMSO) as a solvent was avoided as recommended by the EPA (9).
Test Model Insect Genus and Species: Drosophila melanogaster
Strains:
Canton-S (CS), a wild-type stock, characterized by round red eyes, was selected for mutagenicity studies because it has shown a low spontaneous mutation frequency (10).
Basc, a laboratory stock, homozygous in females, possesses bar-shaped, apricot-colored eyes and scute as phenotypic markers. The genetic designation is In(l)scSlLsc8RIN(1)S, sc 8 , scSlwaB. 
Identification System
Each CS male from the 72-hour LC50 exposure (test, negative, and positive control) was assigned a unique number. This numbe-was also placed on the vial in which its progeny was pr-duced (LAIR SOP-OP-STX-8 "Sex-Linked Recessive Lethal (SLRL) Drosophila melanogaster Mutagenicity Test").
In this manner progeny could be traced back to the parental male which had been subjected to the test compound or control vehicle.
Storage of Raw Data
Tabular data from this study (GLP 84029) for each male are in the archives of Letterman Army Institute of Research, Presidio of San Francisco, California.
Environmental Conditions
All studies were conducted within the insectary at a temperature of 23 ± 1 0 C, relative humidity of 48 ± 8% and a photoperiod of 12 hours light and 12 hours dark. All insect colonies were reared in polypropylene bottles, and those used in the SLRL testing were housed in glass vials (LAIR SOP-OP-STX-6 "Drosophila Stock Colony Maintenance").
A number of preliminary studies were conducted to test potential vehicles for toxicity to flies and for their ability to solubilize and stabilize Permethrin.
To determine the stability of Permethrin in the 1 mM stock solution, a 3-day-old solution was analyzed for one of the products of hydrolysis, 3-phenoxybenzyl alcohol. No trace of 3-phenoxybenzyl alcohol could be detected by gas chromatography, thus demonstrating that the compound was stable under these conditions. The pH of both the stock solution and negative control throughout the assay ranged from 5.8 to 6.5.
Dosing was accomplished in compliance with LAIR SOP OP-STX-7 "Drosophila melanogaster Exposure Procedures." The test compound solutions were prepared daily just before dosing. The CS strain (wild-type) males were allowed to feed on 250 1.1 of various concentrations of the Permethrin formulated with 0.4% Tween 80, 0.2% ethanol, and 1.0% fructose in water. Dosing was continuous for 72 hours. Flies were transferred every 24 hours to vials containing freshly prepared dosing media. The concentrations used for the LC50 determinations were 10, 4, 3, 2, and 1 p, Permethrin. The LC50 determination was conducted 4 times, once for each replicate. The concentration for each replicate that produced a 72-hour mortality closest to 50% was designated as the approximate LC5 0 (7), and only flies raised on this concentration were used in subsequent crosses. Concurrent exposure to 0.4% Tween 80, 0.2% ethanol, and 1.0% fructose in water was designated as the negative control group. A positive control group was exposed to a 1.0 mM ethylmethane sulfonate solution formulated with 1.0% fructose in water. Ethylmethane sulfonate is a known mutagen and was used to confirm the ability of the test organism to produce SLRL mutations
Test Format
The CS males surviving the LC50 (approximate) dose of the test chemical and those males subjected to the concurrent negative controls were used in the SLRL assay. Twenty-five CS male (wild-type) survivors of the test chemical and negative control compound were scored by mating to Basc virgin females (Basc chromosomes). This procedure was accomplished by placing 3 Basc virgin females in a vial with one CS male. The vial was labeled with the male's unique number. At days 1, 4, 6, and 8 after dosing the CS male was transferred to successive groups of 3 Basc virgin females in vials with that male's unique number. These intervals corresponded to broods 1, 2, 3, and 4. This procedure was replicated 4 times. Scoring of the mutants resulting from positive control exposure was based on mating 5 CS males in the same manner as males treated with the test compound. This procedure was also replicated 4 times. After sufficient numbers of flies had emerged, a maximum of 25 (minimum of 5) kidney-shaped red-eyed F1 females were selected at random and mated with their sibling whitebody, bar-shaped, apricot-eyed males. Each pair was placed in an individual vial, and these vials from the same uniquely numbered father were placed together and labeled with his unique number for reference. After 2 to 3 weeks the F2 progeny were examined and scored for the absence of round, red-eyed males, which would indicate that a lethal mutation had taken place in the treated male. Confirmation of a lethal mutation was obtained by conducting an F3 cross from each vial scored as a lethal mutation. This was accomplished by crossing three F2 females (kidney-shaped red eyes) with three males with bar-shaped white-apricot eyes, in three separate vials (one male and one female per vial). Absence of males with round, red eyes in the resulting F3 generation confirmed the existence of a recessive lethal mutation. Experimental conclusions were based on the spontaneous mutation frequency (negative control) compared to the mutation frequency induced by the test chemical. This entire procedure was replicated 4 times to obtain a sufficiently large sample.
Historical Listing of Significant Study Events
Appendix B is a historical listing of significant study events.
Statistical Analysis
This testing was designed to examine approximately 2500 X-chromosomes in each of 4 replications, thereby yielding a total of 8000 to 10,000 X-chromosomes for examination. Vials without F2 progeny or fewer than 5 progeny (F2) were scored as failures. The BMDP (Biomedical Programs) computer package was used to perform the analyses (11).
Based on the number of lethal and nonlethal offspring for each male, by combining all replicates, the mutation frequency of Permethrin was compared to that of the control by Fisher's exact test for each of the four broods separately and for the combined broods. All statistical tests were conducted at the 0.05 level of significance.
Deviations from SOP/Protocol
No deviations from SOPs and/or GLP Protocol 84029 were made during this study.
Use of dimethyl sulfoxide (DMSO) as a solvent was avoided as recommended by the EPA (13).
RESULTS
The percent mortalities corresponding to the concentrations of Permethrin that most closely approximated the LC50 after a 72-hour exposure are shown for each replication in Table 1 . These concentrations were selected for use in the appropriate replication because they gave the closest approximation to the LC50 of the concentrations used in each pilot study.
The frequencies of spontaneous mutation for Permethrin and the negative control were 0.135% and 0.133% based on 8874 and 9001 X-chromosomes, respectively. The mutation frequency for the positive control, 1-mM ethylmethane sulfonate, was 12.6%. The mutation frequencies for each compound are presented in Table 2 . No significant difference was detected between the mutation frequency of the negative control and the Permethrin with the Fisher's exact test (p = 1.00). Also, no significant differences were detected between the negative control and the Permethrin for the data of broods 1, 2, 3, and 4 ( Table 3) . Permethrin: 25 male Drosophila melanogaster flies (CS strain) formed the P generation.
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Negative Control: 25 male Drosophila melanogaster flies (CS Strain) formed the P generation.
Positive Control: 5 male Drosophila melanogaster flies formed the P generation. Permethrin was also reported to be nonmutagenic in V79 Chinese hamster cells both in the presence and absence of primary rat hepatocytes (13).
However, results from an in vivo assay in mouse bone marrow cells suggested that Permethrin was a weak mutagen as it caused aberrations in 5% of the examined mitoses in contrast to 2% in control animals (1).
The SLRL assay was chosen to evaluate the mutagenic potential of Permethrin because it is an in vivo assay that requires a large sample size which enables expression of a weak mutagen. In addition, an invertebrate model was selected since poikilothermic animals are selectively sensitive to pyrethroid compounds such as Permethrin (1) .
The absolute lack of a mutagenic effect in this assay coupled with the preponderance of evidence from in itro studies strongly suggests that Permethrin has little potential to cause genetic damage in humans.
CONCLUSION
The results of this study indicate that Permethrin is not mutagenic when evaluated in the Drosophila melanogaster sex-linked recessive lethal assay.
Stability of the Permethrin Stock Soluticn* Permethrin is a photostable synthetic preth n o-; however, it is susceptible to cleavage at the ester linkage under certain conditions leading to the formation of 3-(2,2-dichlorovinyi)-2,2-dimethylcyclopropane carboxylic acid and 3-phenoxybenzy! alcohol (3-PBA).
For this reason it was necessary to examine the extent of hydrolysis occurring in the I mM stock solution.
A period of three days was chosen as the working life of the solution. The amount of hydrolysis was determined by extracting a stock solution of Permethrin 72 hours after preparation and analyzing the extract for 3-phenoxybenzyl alcohol by gas chromatography. As a control a second solution of Permethrin was prepared and spiked with 1 mg of 3-PBA. This solution was extracted immediately after preparation and analyzed by GC. A comparison of the retention times for the chromatogram peaks of the two extracts to those obtained for pure Permethrin (91.1%) and 3-PBA standards demonstrated that:
1) 1 mg of 3-PBA (representing a 2% hydrolysis) could be extracted and easily detected by GC, and 2) no trace of 3-PBA could be detected in the three-day-old stock solution of Permethrin. Since the actual detection limit for 3-PBA was well below the quantity representing a 2% decomposition, the results demonstrate essentially no decomposition of Permethrin after 72 hours. 
